ABSTRACT. A new species of Osmundopsis Harris is described based on several impression-compression fossils from the upper section of the Potrerillos Formation (Uspallata Group) at Cerro Cacheuta Hill, Mendoza Province, Argentina. Osmundopsis zunigai sp. nov. is characterized by having fertile pinnae with a slender striate rachis, bearing widely separate, opposite to subopposite short falcate pinnules with an entire margin, rounded apex, and a partially reduced lamina. The pinnules bear sporangia loosely disposed in clusters of four or five on the abaxial side. The sporangia are wedge-to heart-shaped, shortly stalked, with cells of the apical region thickened, and have a vertical dehiscence slit. The spores are trilete and laevigate. This is the first record of Osmundopsis in the Triassic of Argentina. The mutual occurrence or co-preservation of Osmundopsis zunigai sp. nov. with sterile fronds of Cladophlebis kurtzi suggests the possibility that these species formed part of a dimorphic bipinnate frond. The diversity and geographic extent of fertile leaves of the Osmunda lineage in the early Late Triassic, with records in South Africa and Antarctica and now with this new taxon, support the idea of a moist mesothermal climatic belt in southern Gondwana.
Osmundales is an order of leptosporangiate ferns which originated in the Late Carboniferous and diversified during the Triassic (Phipps et al. 1998 , Pryer et al. 2004 ). They are characterized by distinctive rhizome anatomy, with an ectophloic siphonostele composed of a ring of discrete xylem strands, leaves dimorphic or with fertile portions dissimilar to sterile ones, sporangia without a definite soral-type organization, and sporangia with a lateral annulus, a character that differs from all other sporangial morphologies of leptosporangiate ferns (Gifford & Foster 1989 , Smith et al. 2006 .
The extant representatives comprise about 20 species currently classified across four genera: Osmunda L., Osmundastrum C.Presl, Leptopteris C.Presl and Todea Bernh. (Metzgar et al. 2008 , Christenhusz et al. 2011 . As compared to its limited modern diversity, Osmundales has a rich and diverse fossil record, including more than 150 species and over 25 genera (Taylor & Taylor 1993) . The fossil taxa consist of permineralized stems (Gould 1970 , Miller 1971 ) and impression-compressions of sterile and fertile leaves (Taylor et al. 2009 , Naugolnykh 2002 . During the Mesozoic the family reached an extensive distribution in both hemispheres. For instance, the fossil record of fertile fronds begins in the Upper Permian with the occurrence of three species of Todites from Russia (Naugolnykh 2002) .
In Argentina the Triassic record of Osmundales comprises several species of the sterile frond genus Cladophlebis Brogn. emend. Frenguelli, one species of the fertile frond genus Todites Seward, and three species of the permineralized stem genus Millerocaulis Erasmus ex Tidwell emend. Vera (Herbst 1994 (Herbst , 1995 (Herbst , 2006 . Here we document fertile leaves from the Potrerillos Formation that constitute the first record of Osmundopsis Harris in the Triassic of Argentina.
GEOLOGICAL SETTING
The most stratigraphically complete Triassic basins of southwestern Gondwana are located near the Proto-Pacific margin of the South American Plate. They are narrow and elongate NW-SE depressions (Charrier 1979 , Spalletti et al. 2003 filled by continental strata in Argentina; in Chile they are filled by marine to deltaic, littoral and in some cases paralic transitioning to continental strata in Chile. The largest continental Triassic depocenter is the Cuyo Basin, floored on the Choiyoi Group, an intraplate Permian-Triassic plutonic-volcanic complex. It covers an area of 60 000 km 2 and includes several depocenters filled with siliciclastic continental deposits (Stipanicic 2001) .
One of the thickest exposed sections of the Cuyo Basin situated in northern Mendoza Province crops out at Cacheuta Hill (Fig. 1) . The Triassic units exposed on the southern The Triassic succession at Cacheuta Hills deformed into a homocline, with a dip direction towards the southwest (20-40°). In this area the Uspallata Group exposure comprises the Potrerillos Formation (upper section), and the Cacheuta and Río Blanco formations.
The exposed portion of the Potrerillos Formation at the Puesto Míguez locality reaches a thickness of 125 m. Its lithological characteristics and sedimentary facies were studied by Morel (1994) and Morel et al. (2010 Morel et al. ( , 2011 . It is characterized by net dominance of tabular and lenticular beds of yellowish, greenish grey and blackish, cross-stratified sandstones, subordinate laminated grey mudstones, and a minor proportion of conglomerates which are more abundant at the base of the unit. This succession was interpreted as facies generated in fluvial environments with distributary channels, wide interdistributary floodplains, and recurrent overflow channel episodes (Morel 1994) .
PALAEONTOLOGICAL BACKGROUND
Cacheuta Hill is a well-known Triassic plant fossil site (Zuber 1889 , Kurtz 1921 , Frenguelli 1948 , Jain & Delevoryas 1967 ; it was reviewed by Stipanicic (1983) , Stipanicic et al. (1996) , Kokogian et al. (2000) , Artabe et al. (2001) and Stipanicic & Marsicano (2002) .
Previous studies by the present authors (E.M., D.G.) included stratigraphic, sedimentological and palaeoenvironmental analyses (Morel 1994) , as well as palaeobotanical and palaeoecological studies (Artabe et al. 2007 , Morel et al. 2010 of the Potrerillos, Cacheuta and Río Blanco formations. Artabe et al. (2007) reported and reconstructed a petrified forest of corystosperms (Elchaxylon) with specimens in life position. Subsequently, Morel et al. (2010 Morel et al. ( , 2011 ) made a systematic study of plant remains preserved as impression-compressions.
Three plant-bearing strata were recognized in the Potrerillos Formation at Cacheuta Hill, and labelled EP I, EP II and EP III. The palaeoflora recovered from these strata is diverse and is characterized by an abundance of ferns, corystosperms and ginkgoaleans, besides the presence of conifers, peltasperms, sphenophytes and lycophytes (Morel et al. 2010 (Morel et al. , 2011 
MATERIAL AND METHODS
The studied fossil plants are preserved as impression-compressions and come from the plant-bearing stratum EP II ("estrato plantífero II") of the Potrerillos Formation at the locality named Puesto Míguez (69º06′34″W and 33°05′04″S) at Cacheuta Hill (Fig. 1 ). This site was previously known as "behind the former YPF administration building" (Frenguelli 1948 ). Fossils were collected by two authors of this paper (E.M., D.G) in the 1980s. All the studied plant fossils are held in the Palaeobotanical Collection of the Museo de La Plata under the acronym LPPB.
A Leica M50 stereoscopic microscope was used for study of the specimens. They were photographed with a Leica DC 150 system, Canon Powershot S40 and Canon T3i digital cameras. Drawings were made with a Wacom Intuos CTL-4100 graphical tablet. Leaf fragments (sporangia and spores) were also observed under SEM (JEOL JSM-6360 LV) at the microscopy facility of the Facultad de Ciencias Naturales y Museo, Universidad Nacional de La Plata.
Descriptions follow the terminology of Font Quer (1982) and Tryon (1960 H o l o t y p e. LPPB 11809, here designated, Pl. 1 figs 1, 4, 5; two fragments of fertile pinnae and a small fragment of a pinnae attached to the main rachis. D i a g n o s i s. Fertile bipinnate leaf with striated main rachis. Pinnae with a slender, longitudinally striated secondary rachis, bearing widely separate, opposite to subopposite pinnules inserted at acute to right angles. Pinnules short, falcate, attached along the entire width of the base, with entire margins and rounded apex, and a reduced lamina showing a conspicuous midvein. Sporangia loosely disposed in clusters of four or five on the abaxial side. Sporangia wedge-to heart-shaped, shortly stalked, with cells of the apical region thickened, and a vertical dehiscence slit. Spores laevigate trilete. D e s c r i p t i o n. Fragment of the main rachis of a bipinnate frond, with the base of two secondary rachises and one pinnule (Pl. 1, fig. 1 ). Main rachis straight, up to 72 mm long and 4.7 mm wide. The distance between two pinna rachises from one side is 28 mm (LPPB 11809a). Five fragments of pinnae of bipinnate leaves up to 21 mm long and 8.5 mm wide (LPPB 11809b,c; LPPB 11800, 11810, 11812; Pl. 1, figs 2, 3, 4). Fertile pinnae have a striated and straight secondary rachis up to 1 mm wide, tapering towards the pinnae apices (Pl. 1, fig. 3, 4) . Pinnae are imparipinnate with a very small terminal pinnule measuring 1 mm long and 1 mm wide, and at least eight pairs of pinnules (Pl. 1, fig. 4 ). Fertile pinnules are oppositely to suboppositely inserted on the secondary rachis at 90° in the proximal part and at 60-70° in the distal part of the pinnae (Pl. 1, fig. 4 ). Pinnules are short, falcate, attached along the entire width of the base, with entire margin and rounded apex, and a few have reduced laminae; up to 6 mm long in the proximal zone, shortening towards the apical zone. (Pl. 1, figs 3, 4, 5). There is a regular 2-3 mm separation at the insertion of the pinnules on each side of the pinnae, which do not overlap (Pl. 1, figs 4, 5). The basiscopic side of the pinnules is slightly decurrent (Pl. 1, fig. 5 ; Pl. 2, figs 1, 3). When preserved, the venation consists of a thick midvein (Pl. 1, figs 4, 5; Pl. 2, fig. 1 ). The sporangia are arranged in clusters of four or five on the abaxial side of the pinnule sporangia in a peripheral position. The sporangia are wedge-or heart-shaped, short-stalked, and 0.3-0.4 mm in diameter (Pl. 1, figs 4, 5; Pl. 2, fig. 1 ). Most of the sporangia are closed. The cells of the apical region are thickened, and the sporangia have a vertical deshiscence slit (Pl. 1, figs 4, 5; Pl. 2, fig. 1 ). The spores are trilete, laevigate, and 15-20 µm in diameter (Pl. 2, fig. 8 ). The size and location (inside the sporangia) of the spores suggests that they are immature.
Sterile pinnae are unknown, but these fertile pinnae were found closely associated with sterile fronds of Cladophlebis in the same slabs (Pl. 3, figs 1, 2; see Discussion). G e n e r i c a s s i g n m e n t a n d c o m p a r is o n s. The remains studied here agree with the diagnosis of Osmundopsis, originally published by Harris (1931) (Miller 1971) Although Osmunda claytoniites was not included in Osmundopsis, the characteristics of the species agree with the generic diagnosis.
c Osmundopsis zunigai sp. nov. is proposed here to be associated with Cladophlebis kurtzi.
d Van Konijnenburg-van Cittert (1996) (Jung 1972 , Kon'no 1972 , Wang et al. 2005 and may be affiliated with the Todea/Leptopteris lineage (Escapa & Cuneo 2012) . Osmundopsis fronds can be recognized as having pinnulae with a strongly reduced or absent lamina and small clustered sporangia. The sterile and fertile dimorphic or hemidimorphic fronds, the absence of a lamina or the presence of a strongly reduced one in the fertile pinnules, and sporangia arranged in clusters, have been interpreted to indicate affinities of Osmundopsis with living and fossil Osmunda and Osmundastrum species.
RECONSTRUCTION
Sterile osmundaceous leaves are normally included in the genus Cladophlebis Brongniart 1849. However, the morphology of Cladophlebis is highly homoplastic and has also been linked to other fern families such as Cyatheaceae and Schizaeaceae; thus it should not be considered exclusive to any of these families in the absence of information about reproductive morphology (Halle 1913 Although we have not discovered sterile pinnae of C. kurtzi attached to fertile pinna of O. zunigai sp. nov., we suggest a hypothetical reconstruction following the proposal of Anderson and Anderson (1985) . These authors proposed the following criteria for linking two or more plant organs (from most reliable to least reliable): organic attachment, morphological similarity, kindred reinforcement, and mutual occurrence. In the case of C. kurtzi and O. zunigai sp. nov. the three last criteria are fulfilled, since they share the shape and size of the pinnules ("morphological similarity"), both genera were linked in other reconstructions (see Harris 1961 , van Konijnenburg-van Cittert 1996 , Escapa & Cuneo 2012 and were assigned to the same family ("kindred reinforcement"), and the two taxa were found in the same fossiliferous stratum ("mutual occurrence") in the same rock a few centimetres apart. On the basis of general morphology we suggest that they constitute a dimorphic frond with fertile leaves of Osmundopsis and sterile leaves of Cladophlebis (Pl. 3.4).
PALAEOBIOGEOGRAPHY AND EVOLUTION
The osmundaceaous ferns first appeared in the Permian, based on rhizomes and fertile fronds from Australia and Russia , Naugolnykh 2002 . During the end-Permian extinction event, the basal families became extinct but the core Osmundaceae survived (Collinson 2002 , Van Konijnenburgvan Cittert 2002 . Osmundopsis is known from the Middle Triassic of Australia (Holmes 2001) and became widespread by the early Late Triassic, with records from South Africa, Antarctica and Argentina, consistent with a moist temperate climatic belt in southern Gondwana (Fig. 2) .
The phylogeny and evolution of the osmundaceous clade has been discussed recently. Grimm et al. (2015) used fossil fronds to calibrate their cladogram, adjusting the separation of the basal Osmunda claytoniana lineage in the Lower Cretaceous, but it is worth noting that Osmunda claytoniites from the Late Triassic of Antarctica was described as identical to O. claytoniana, so it should be reconsidered if the time of separation of O. claytoniana with the rest of the Osmunda species dates back at least to the Late Triassic (dashed line in Fig. 2 ). All the Triassic fossils come from Gondwana, the oldest -O. scalaris -being from the Middle Triassic of Australia, which leads us to posit a Late Triassic radiation of the Osmunda lineage.
Given that the strata in which Osmundo psis zunigai sp. nov. occurs are Carnian in age, and Osmundales is indicative of moist environments, this radiation could have been assisted by the extensive peat-forming environments recorded across temperate Gondwana (Retallack 1996) , and could be evidence of the globally recognised Carnian Humid Episode (Colombi & Parrish 2008 , Ruffel et al. 2016 or Carnian Pluvial Event (Kustatscher et al. 2018) in South America.
